Organic nitrogen compounds in the orgueil meteorite by Hayatsu, R.
T 
m .  
. *  
Organic  Ni t rogen  Compounds i n  t h e  
Ryoichi  Hayatsu 
O r g u e i l  M e t e o r i t e  
E n r i c o  Fermi I n s t i t u t e  f o r  Nuclear  S t u d i e s  
U n i v e r s i t y  of Chicago, Chicago,  I l l i n o i s  
Submit ted t o  S c i e n c e  
NASA-NsG-366 
\ 
https://ntrs.nasa.gov/search.jsp?R=19650019850 2020-03-17T02:02:27+00:00Z
Organic  Ni t rogen  Compounds i n  t h e  O r g u e i l  Meteorite 
Ryoichi  Hayatsu 
A b s t r a c t ,  P u r i n e s ,  amino s - t r i a z i n e s ,  and s u b s t i t u t e d  g u a n i d i n e s  
were i s o l a t e d  from t h e  O r g u e i l  meteorite, and were i d e n t i f i e d  by 
ch romatograph ic ,  s p e c t r o s c o p i c ,  and o the r  t e c h n i q u e s .  The p re -  
s e n c e  of major amounts of s - t r i a z i n e  d e r i v a t i v e s  is of p a r t i c u -  
l a r  i n t e r e s t ,  s i n c e  these compounds have no known biochemical 
s i g n i f i c a n c e .  
: 
I n  1961,  C a l v i n  (1) and B r i g g s  (2)  i n d e p e n d e n t l y  repor ted  
s p e c t r o s c o p i c  ev idence  f o r  p u r i n e  and p y r i m i d i n e  bases i n  water 
e x t r a c t s  of carbonaceous  c h o n d r i t e s .  Orb (3) c r i t i c i z e d  t h i s  
work, s u g g e s t i n g  t h a t  t h e  observed  spec t r a l  f e a t u r e s  were due  
t o  a n  i m p u r i t y  from t h e  ion-exchange r e s i n .  Kaplan e t  a1 (4 )  
found no c o n c l u s i v e  e v i d e n c e  f o r  t h e  p r e s e n c e  of t hese  bases 
i n  meteorites from u l t r a v i o l e t  a b s o r p t i o n  d a t a .  I n  order  t o  
reso lve  t h i s  q u e s t i o n ,  I a t t e m p t e d  t o  i s o l a t e  these  compounds 
w i t h o u t  u s e  of ion-exchange r e s i n s .  
Expe r imen ta l  P rocedure  and R e s u l t s .  
S i x t e e n  grams of f i n e l y  powdered O r g u e i l  meteorite (5) 
wh ich  a l r e a d y  had been extracted w i t h  water,  e ther ,  cyc lohexane ,  
chloroform, benzene ,  acetone, methanol ,  i s o p r o p a n o l ,  and n-butanol  
was ex t rac ted  w i t h  3N-HC1 for  6 h o u r s  a t  120°C i n  a sealed t u b e .  
A f t e r  e v a p o r a t i o n  under  reduced p r e s s u r e ,  t h e  dark  brown r e s i d u e ,  
c o m p r i s i n g  7 .692  g ,  was a c e t y l a t e d  by h e a t i n g  w i t h  ace t ic  anhydr ide  
f o r  6 h o u r s  a t  100°C, A l t e r e d ,  and t h e  s o l v e n t  removed i n  vacuo 
below 3 O o C .  The r e d d i s h  brown r e s i d u e  (187.32 mg) w a s  e x t r a c t e d  
w i t h  n -bu tano l .  The a l c o h o l  ex t rac t  was washed w i t h  c o l d  
aqueous sodium b i c a r b o n a t e  and c o l d  water,  d r i e d ,  and t h e  so l -  
v e n t  removed. The r e s i d u e  was f r a c t i o n a t e d  i n t o  f o u r  f r a c t i o n s  
w i t h  d i f f e r e n t  o r g a n i c  s o l v e n t s :  f r a c t i o n  A (10.57 mg), c h l o r o -  
form s o l u b l e ;  f r a c t i o n  B (8 .26  mg), h o t  ch lo ro fo rm s o l u b l e  and 
c o l d  ch lo ro fo rm i n s o l u b l e ;  f r a c t i o n  C (86.03 mg), anhyd. methanol  
s o l u b l e  and h o t  ch lo ro fo rm i n s o l u b l e ;  f r a c t i o n  D (74 .93  mg), 
s o l u b l e  i n  80% methanol  and i n s o l u b l e  i n  anhyd. methanol .  
The u l t r a v i o l e t  s p e c t r a  o f  t h e  f r a c t i o n s  A ,  B, and C 
i n d i c a t e d  t h e  p r e s e n c e  of amino d e r i v a t i v e s  of  a r o m a t i c - t y p e  
compounds wh ich  are  pH s e n s i t i v e :  
F r a c t i o n  A ,  X lN HC1 238, 258 and 304 mp; A a l c *  255-256 mp; max max 
lN NaoH 253-256 (Sh = s h o u l d e r )  mp. max X 
F r a c t i o n  B, X I N  Hcl 241, 315,  and 362 mp; X a l c *  252 (Sh) mp; max max 
A I N  NaoH 251-253 (Sh) mp. max 
F r a c t i o n  C ,  a l N  HC1 223, 250-252 (Sh) and 343-346 mp; max 
lN NaoH 252-256 (Sh) mp. Xa lc .  max 255 mCL; Amax 
The i n f r a r e d  s p e c t r a  o f  f r a c t i o n s  A ,  B, and C showed t h e  p r e s e n c e  
of an amide c a r b o n y l  and a N-hetero a r o m a t i c  r i n g  ( s t r e t c h i n g  
v i b r a t i o n s  1600-1400 cm-l) : 
KBr 1685,  1610 and 1520 cm-’ F r a c t i o n  A ,  
F r a c t i o n  B, v KBr 1683,  1607 and 1512 c m - l  
F r a c t i o n  C ,  v KBr 1685 (very  weak) ,  1622 and 1535 c m - l  
’max 
max 
max 
.. =. 
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F r a c t i o n  A was p u r i f i e d  on an  alumina column (a lumina ,  
n e u t r a l ,  Brockman a c t i v i t y  XI 5 x 0 . 5  cm). F r a c t i o n  A l ,  e l u t e d  
w i t h  70 m l  of C H C l  
f r a c t i o n  A 2 ,  e l u t e d  w i t h  100  m l  of CHC13, of 2.38 mg of  p a l e  
cons is ted  of 0 .20  mg of  c o l o r l e s s  o i l ;  3’ 
y e l l o w  s o l i d ;  and A 3 ,  e l u t e d  w i t h  150 m l  of CHC13-CH30h 1 9 : 1 ,  
o f  2 .09  mg of ye l low s o l i d .  Judging  from t h e  i n f r a r e d  and 
u l t r a v i o l e t  s p e c t r a ,  f r a c t i o n  A2 seemed t o  be a mixture ,  main ly  
of  d i ace ty lme lamine  ( 6 )  and s m a l l  amounts o f  o t h e r  a c e t y l  d e r i v a -  
t i v e s  of  N-he teroaromat ic  compounds: 
F r a c t i o n  A2, vmax KBr 3280-3175, 3160,  1732 (weak),  1686, 1615- 
1613 and 1511 c m - l  
A I N  HC1 234-236 and 255-256 (Sh) mp max 
Diace ty lmelamine ,  vmax KBr 3280-3200, 3165, 1685, 1615,  1572 and 
1510 cm-’ 
A I N  max HC1 236 mp 
F r a c t i o n  A2 was hydrolyzed w i t h  5% HC1 f o r  18 h o u r s  a t  
30°C. S o l v e n t  removal  below 30°C gave 1 .74  m g  of t h e  hydro- 
c h l o r i d e  of  t h e  hydro lyzed  p r o d u c t .  Its ye l low p i c r a t e  w a s  p re -  
p a r e d ,  and w a s  found t o  decompose between 297 - 3 1 O o C .  Treatment  
of t h e  p i c r a t e  by c o n v e n t i o n a l  methods gave 0.63 mg of f r e e  b a s e  
which was compared by t h i n  l a y e r  ch romatography .wi th  t h i r t y - e i g h t  
a u t h e n t i c  p u r i n e ,  p y r i m i d i n e ,  and s - t r i a z i n e  compounds. (The 
chromatography w a s  carried ou t  on a s i l i c a - g e l  G p l a t e  a c t i v a t e d  
a t  105°C for 30 min. ,  u s i n g  a m i x t u r e  of n -bu tano l -wa te r - ace t i c  
a c i d  84:15:1  as t h e  d e v e l o p e r . )  Seven s p o t s  were d e t e c t e d  under  
". 
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u l t r a v i o l e t  l i g h t  and f o u r  o f  them were i d e n t i f i e d  as melamine 
(Rf 0.261, ammeline (Rf 0.211, a d e n i n e  (Rf 0.75) and guan ine  
(Rf 0.62). 
F r a c t i o n  A3 was p u r i f i e d  by t h e  same p rocedure .  The f ree  
base  (0 .402 mg), a f t e r  p u r i f i c a t i o n  t h r o u g h  t h e  p i c r a t e ,  was 
examined by t h i n  l a y e r  chromatography. Three  compounds i d e n t i f i e d  
were melamine, ammeline (7 )  and g u a n i n e ,  b u t  f i v e  o t h e r  s p o t s  
remained u n i d e n t i f i e d .  The approximate c o n c e n t r a t i o n  of i d e n t i f i e d  
compounds is  summarized i n  Table  I .  
Although f r a c t i o n s  B and C have n o t  y e t  been examined i n  
d e t a i l ,  t h e i r  spectra and behavior  showed t h e  p r e s e n c e  of  an  
N-heteroaromat ic  compound and an a l i p h a t i c  amine .  I n  p a r t i c u l a r ,  
t h e  i n f r a r e d  spec t rum of  f r a c t i o n  C i n d i c a t e d  a v e r y  weak band 
i n  t h e  r e g i o n  of  amide ca rbony l  s t r e t c h i n g  a b s o r p t i o n  and t h i s  sug-  
gests incomple t e  a c e t y l a t i o n  under  t h e  c o n d i t i o n s  of  t h i s  pape r  
or decompos i t ion  of  t h e  a c e t y l a t e d  p roduc t  by a l c o h o l  or water. 
These  compounds might be s i m i l a r  t o  u r a c i l ,  hydroxy-pur ines  w i t h  
t w o  or more OH-groups, ammelide, and some s o r t  o f  g u a n i d i n e  d e r i v a -  
t i v e .  
The i n f r a r e d  spec t rum and e l e m e n t a l  a n a l y s i s  i n d i c a t e d  t h a t  
i n o r g a n i c  compounds were present  i n  f r a c t i o n  D. 70 m g  of  frac- 
t i o n  D w a s  f r a c t i o n a t e d  f u r t h e r  by d i s s o l v i n g  i n  water and t h e n  
e x t r a c t i n g  w i t h  n -bu tano l  i n  a l i q u i d / l i q u i d  e x t r a c t i o n  a p p a r a t u s  
f o r  a p e r i o d  of  36 h o u r s .  The a l c o h o l  e x t r a c t  w a s  d i s t i l l e d  unde r  
r educed  p r e s s u r e ,  l e a v i n g  4 .75  m g  of pale  brown r e s i d u e .  A f t e r  
t r e a t m e n t  of t h e  r e s i d u e  w i t h  3%-HC1 for 1 0  h o u r s  a t  room tempera- 
1 
-. 
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t u r e ,  t h e  h y d r o c h l o r i c  a c i d  s o l u t i o n  was e v a p o r a t e d  i n  vacuo 
t o  d r y n e s s .  To a s o l u t i o n  of t h e  hydro lyzed  p roduc t  i n  t h e  
minimum amount o f  water, 5 m l  of a l c o h o l  was added, and t h e  
m i x t u r e  w a s  a l lowed t o  s t a n d  f o r  12  h o u r s  a t  O°C.  The amor- 
phous compound which had s e p a r a t e d  w a s  c o l l e c t e d  by f i l t r a t i o n .  
A f t e r  washing w i t h  c o l d  a l c o h o l  and d r y i n g ,  i t  a f f o r d e d  1 . 4 8  
mg of  t h e  h y d r o c h l o r i d e  ( f r a c t i o n  D-1). The i n f r a r e d  s p e c t r a  
of t h e  h y d r o c h l o r i d e  and its f r e e  base showed t h a t  t y p i c a l  
g u a n i d i n e  compounds were p r e s e n t .  I n  p a r t i c u l a r ,  t h e  spec t rum 
o f  t h e  h y d r o c h l o r i d e  showed f e a t u r e s  a t  3422-3295, 1651, 1612 
and 1535 (Sh) cm-', and t h u s  s t r o n g l y  resembled t h e  s p e c t r a  of 
N ,  N- and N ' - d i s u b s t i t u t e d  guan id ine  h y d r o c h l o r i d e s .  
I n  c o n n e c t i o n  w i t h  t h e  c h a r a c t e r i z a t i o n  o f  f r a c t i o n  D-1 ,  
t h e  i n f r a r e d  s p e c t r a  of  twen ty - s ix  h y d r o c h l o r i d e s  o f  p r imary  and 
secondary  amines and guan id ine  were measured. F u r t h e r ,  t h e  pub- 
l i s h e d  i n f r a r e d  s p e c t r a l  d a t a  of o v e r  one hundred amine hydro- 
c h l o r i d e s  were compared w i t h  t h e  spec t rum of  t h e  m e t e o r i t i c  
sample .  The  p r imary  amino group g i v e s  r i s e  t o  NH-s t re tch ing  bands 
i n  t h e  r e g i o n  of  3500-3300 cm' l  and t h e  " - s t r e t c h i n g  bands of 
i t s  ammonium i o n  o c c u r  below around 3250 cm" ( 8 , 9 ) ,  whereas t h e  
NH-s t r e t ch ing  bands o f  t h e  guanid in ium i o n  appea r  i n  t h e  f r e e  
amino r e g i o n  r a t h e r  t h a n  i n  t h e  ammonium r e g i o n  ( 9 , l O ) .  T h i s  
s u g g e s t s  t h a t  t h e  p o s i t i v e  cha rge  is local ized mainly on t h e  cen-  
t r a l  ca rbon  atom rather  t h e n  be ing  d i s t r i b u t e d  o v e r  t h e  e n t i r e  
guanidinum group.  G e n e r a l l y ,  mono- (NR- ) and d i s u b s t i t u t e d  
(NR-, N ' R -  ) g u a n i d i n e  h y d r o c h l o r i d e s  g i v e  two bands between 1690 
. -. 
. .  - 
, 
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F r a c t i o n  A2 
15 - 25 
8 - 18 
10 - 20 
6 - 16 
and 1565 c m - l  due t o  t h e  NH- defo rma t ion  v i b r a t i o n s ,  w h i l e  unsub- 
s t i t u t e d  g u a n i d i n e  h y d r o c h l o r i d e s  ( g u a n i d i n e  i t s e l f )  and t r i s u b -  
F r a c t i o n  A 3  
1 0  - 20 
1 0  - 20 
4 - 14  
s t i t u t e d  ones  (NR-, N'RI-, N"R- ) show o n l y  one band i n  t h e  deforma- 
t i o n  r e g i o n .  The p o s i t i v e  Sakaguchi  r e a c t i o n  (11)  i n d i c a t e d  t h a t  
mono-subs t i tu ted  g u a n i d i n e  groups  are a l s o  p r e s e n t  i n  t h i s  frac- 
t i o n .  No c h a r a c t e r i s t i c  u l t r a v i o l e t  a b s o r p t i o n  was d e t e c t e d  i n  
t h i s  f r a c t i o n  excep t  f o r  a ve ry  weak s h o u l d e r  i n  t h e  r e g i o n  of 
275-285 mp. From these data,  it w a s  deduced t h a t  mono- and d i s u b -  
s t i t u t e d  g u a n i d i n e s  were p r e s e n t  i n  f r a c t i o n  D-1. 
Thin l a y e r  chromatography of f r a c t i o n  D-1  gave s i x  s p o t s .  
Although these s p o t s  have n o t  y e t  been i d e n t i f i e d ,  n e i t h e r  guani -  
d i n e  i t s e l f  n o r  its s i m p l e r  a l k y l - s u b s t i t u t e d  d e r i v a t i v e s  w e r e  
detected on t h e  chromatogram. Presumably,  f r a c t i o n  D-1 c o n s i s t s  
of g u a n i d i n e  d e r i v a t i v e s  of i m i n a z o l i d i n e ,  i m i n a z a l i n e  and imina- 
z o l e .  W e  know t h a t  t h e  acid h y d r o l y s i s  of a d e n i n e  (12)  or guan ine  
(13)  l e a d s  t o  t h e  f o r m a t i o n  of iminazo l  d e r i v a t i v e s  under  m i l d  
c o n d i t i o n s .  Conceivably  t h e  guan id ine  d e r i v a t i v e s  found may have 
formed as d e g r a d a t i o n  p r o d u c t s  of n u c l e i c  ac ids  or o t h e r  compounds, 
b u t  t h i s  p o s s i b i l i t y  w a s  n o t  y e t  been i n v e s t i g a t e d .  
Tab le  I .  
melamine 
amme 1 i n e  
a d e n i n e  
g u a n i n e  
T o t a l  
T o t a l  
39 - 79 24 - 54 
63-133 
. -. 
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D i s c u s s i o n .  
What b e a r i n g  do these r e s u l t s  have on t h e  p u r p o r t e d  
e v i d e n c e  fo r  l i f e  i n  meteorites? F i r s t ,  t h e  p r e s e n c e  of p u r i n e s  
h a s  now been unambiguously conf i rmed.  Second, t h e r e  is t h e  
problem of a c c o u n t i n g  f o r  t h e  o r i g i n  of t h e  melamine and ammeline. 
N e i t h e r  these compounds, n o r  o t h e r s  based on t h e  s - t r i a z i n e  r i n g  
sys t em have any known b i o l o g i c a l  s i g n i f i c a n c e .  E i t h e r  t h e y  were 
produced by an  e x t r a t e r r e s t r i a l  l i f e  form whose b iochemica l  pa th -  
ways d i f f e r  from t h o s e  of t e r r e s t r i a l  l i f e ,  or t h e y  were made by 
ab io t i c  p r o c e s s e s .  T h e  former  a l t e r n a t i v e  canno t  be exc luded  a 
p r i o r i ,  b u t  i t  r u n s  c o u n t e r  t o  a l l  r e c e n t  a rguments  f o r  a b i o l o g i -  
c a l  o r i g i n  of  t h e  meteorite o r g a n i c  compounds. These arguments  
have c i t e d  t h e  s imi l a r i t i e s  between m e t e o r i t i c  o r g a n i c  matter 
and terrestrial  b i o g e n i c  materials as e v i d e n c e  f o r  e x t r a t e r r e s t r i a l  
l i f e  w i t h  a b i o c h e m i s t r y  c l o s e l y  d u p l i c a t i n g  t h e  t e r r e s t r i a l  one.  
I t  is  somewhat p u z z l i n g  t h a t  a b i o c h e m i s t r y  d i f f e r i n g ,  e x  h y p o t h e s i ,  
f rom our own i n  one major  respect ,  shou ld  resemble i t  so  c l o s e l y  
i n  a l l  others .  
-
On t h e  o t h e r  hand, t h e r e  seems t o  be no problem i n  account -  
i n g  f o r  t h e  s - t r i a z i n e  d e r i v a t i v e s  by a b i o t i c  p r o c e s s e s  (14 ,  15, 
16). Such compounds c a n ,  i n  p r i n c i p l e ,  be s y n t h e s i z e d  from 
hydrogen c y a n i d e  and ammonia or f rom a s i m p l e  o r g a n i c  molecule  
unde r  t h e  c o n d i t i o n s  though t  t o  have p r e v a i l e d  i n  t h e  e a r l y  s o l a r  
s y s t e m .  Melamine can  be p repa red  by chemical s y n t h e s i s  f rom (ti) 
hydrogen c y a n i d e  and ammonia, (b) g u a n i d i n e  c a r b o n a t e  and d i c y a n d i a -  
mide ,  ( c )  d i cyand iamide  i t s e l f ,  ( d )  g u a n i d i n e  or b i g u a n i d e ,  
-. \ ,  
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(e) u r e a ,  ( f )  ca rbon  monoxide and ammonia, and ( g )  many o t h e r s .  
Although t h e  mechanism of melamine f o r m a t i o n  from t h e  above 
s t a r t i n g  materials h a s  n o t  y e t  been worked o u t  i n  d e t a i l ,  t h e  
r e a c t i o n  might proceed  th rough  a n  a c t i v e  i n t e r m e d i a t e  s u c h  as 
cyanamide. Mechanisms f o r  t h e  f o r m a t i o n  of a d e n i n e  from hydro- 
gen c y a n i d e  and ammonia under  p r i m i t i v e  ear th  c o n d i t i o n s  have 
been s u g g e s t e d  by C a l v i n  (1) and Or6 ( 1 7 ) ,  and s e v e r a l  s u c c e s s -  
f u l  s y n t h e s e s  from hydrogen c y a n i d e ,  ammonia, and o t h e r  s i m p l e  
compounds have been r e p o r t e d  (17, 18, 1 9 ) .  Guanine w a s  a l s o  
formed (20)  by thermal  p o l y m e r i z a t i o n  o f  amino ac ids .  S t u d i e s  
on t h e  s y n t h e s i s  of me lamine  and o t h e r  o r g a n i c  compounds are  
b e i n g  conducted i n  o u r  l a b o r a t o r y ,  and w i l l  be r e p o r t e d  i n  due 
c o u r s e  ( 2 1 ) .  
. . 
\ 
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